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ABSTRACT 

Hydraulic model studies were performed to verify the design of the 
spillway crest, chute, and stilling basin; the junction of the auxiliary 
outlet works with the spillway chute; the outlet works stilling basin; 
and the Rocky Fork Creek bypass flume and stilling basin. The con- 
figuration of the structures is unusual in that the three stilling 
basins are located very close together and discharge into a common 
channel a t  three different angles. Flow conditions at the spillway 
inlet were satisfactory. Some turbulence developed a t  the inlet but 
was propagated only a short distance downsfream: flow throughout 
the remainder of the chute was excellent. The discharge capacity 
of the spillway met design requirements. The spillway stilling basin 
was satisfactory for all discharges. Flow from the auxiliary outlet 
works tunnel into the spillway stilling basin was satisfactory. The 
performance of the service outlet works stilling basin was very 
good for  both symmetrical and unsymmetrical operation. Dynamic 
pressure measurements on the sidewalls of the stilling basins fluc- 
lxated from about 30 feet of water below atmospheric to 80 feet of 
water above atmospheric. There was an adequate safety margin 
against sweepout in both basins. The Rocky Fork Creek bypass 
channel and stilling basin were satisfactory for discharges up to 
1.720 cfs; at  higher discharges the jump swept out of the basin a s  
expected. Erosion tests indicated that additional riprap was neces- 
sary near the bypass basin but that little or  no riprap was neces- 
sary  in the river channel. In other areas, the specified riprap was 
adequate. 
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draulic models / *stilling basins / discharge coefficienk 1 discharge 
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riprap/ water surface profiles/ water pressures/ research and 
development/ model tests/ laboratory tests/ hydraulics/ scour/ 
hydraulic structures/ hydrostatic pressures/ turbulence/stream 
channels 
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PURPOSE 

The purpose of this study w a s  to verify the hydraulic design of 
the spillway crest, chute, and stilling basin; the junction of 
the auxiliary outlet works with spillway chute; the outlet works 
stilling basin; and the Rocky Fork Creek bypass flume and still- 
ing basin, and to investigate the required geometry and extent 
of downstream river channel improvement and protection. 

CONCLUSIONS 

1. Flow conditions in the spillway approach, inlet areas, and at 
the crest  were satisfactory. Some turbulence was  developed a t  the 
inlet, but was  propagated only a sh0r.t distance downstream; flow 
conditions throughout most of the chute were excellent. Figures 7 
and 8. 

2. Discharge capacity of the spillway at maximum reservoir 
elevation 7781.80 was found to be 5, 540 cubic feet per second (cfs), 
yielding a coefficient of discharge of 3.53. Figure 9. 

3. The spillway stilling basin performance was satisfactory for 
discharges up to the maximum discharge of 5, 540 cfs. At the 
maximum discharge, the water surface fluctuated up to 15 feet 
and considerable splashing occurred. Average manometer pres- 
sures  on the basin sidewalls were well above atmospheric and 
nearly hydrostatic, but instantaneous pressures fluctuated over 
110 feet of water a t  some locations. Minimum pressures in the 
cavitation range were measured in the vicinity of the toe of the 
jump, Figure 11. Since their frequency w a s  less  than 25 per- 
cent of the time, no modifications to the structure were 
recommended. 



4. Flow through the auxiliary outlet works junction with the spill- 
way and into the stilling basin was satisfactory at the maximum 
outlet discharge of 600 cfs. Figure 12. 

5. The outlet works stilling basin performance was very good for 
both symmetrical and one-gate operation for discharges of 1, 950 
and 975 cfs, respectively. Figure 13. Average sidewall manom- 
eter  pressures were all nearly hydrostatic; there was consider- 
able fluctuation in instantaneous dynamic pressures, up to 67 feet 
at some points, Figure 14. Tailwater sweepout tes ts  indicated 
that the basin has a safety margin of about 6 feet of tailwater. 

6. Rocky Fork Creek bypass flume and stilling basin performed 
very well for discharges up to 1,720 cfs with minimum tailwater 
elevation (no other structures operating) when the hydraulic jump 
begins to leave the basin. A t  the maximum probable discharge 
of 4.000 cfs the flume walls were slightly overtopped and the tail- 
water was completely swept out of the basin. Operation for 2.5 
hours (prototype), with 4,000 cfs discharging, produced consider- 
able damage to the downstream discharge channel, riprapped side- 
slopes, and adjacent unprotected areas. Figures 15, 16, 17, 
and 24. 

7. Scour testing indicated that some of the proposed riprap pro- 
tection in the main channel could be eliminated. Figures 18 and 21. 

8. Some scour of the unprotected channel bed can be expected 
during extreme discharges, Figure 21. Particles up to 10 inches 
in diameter may be moved in the constricted channel to the left of 
the outlet works when the spillway is discharging 5, 540 cfs and 
the bypass flume 1,200 cfs. 

9. Increasing the height of two areas submerged by maximum 
tailwater during high discharges was effective in eliminating 
undesirable wave action on the bypass stilling basin wa lk  and on 
the large unprotected area between the bypass flume and outlet 
works stilling basin. Figures 20 and 23. 

10. Scour testing with smaller size riprap indicated that the 
12- to 36-inch nominal size riprap specified would be more than 
adequate in all areas  except possibly on the left side of the river 
channel downstream of the spillway stilling basin. Riprap smaller 
than about 15 inches, placed on slopes steeper than 2: l  adjacent 
to the exposed rock, would be moved at near maximum discharges. 
Figure 25. 
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INTRODUCTION 

4 Ruedi Dam is one of the principal features of the 'ryingpan-Arkansas 
Project, Colorado. The earthfill dam will be located on the Fryingpan 
River about 13 miles east of Basalt, Colorado, and just upstream from 
the confluence of Rocky Fork Creek with the Fryingpan River, Figure 1. 
The primary purpose of the reservoir  will be replacement storage for 
downstream water users.  Releases will be made from storage a s  
required to replace upstream water diverted to the eastern slope. 

The dam, Figure 2, is 285 feet high* above the riverbed, 1,060 feet 
long at the crest, and contains approximately 3,800,000 cubic yards of 
fill material. 

The principal hydraulic features, Figure 3, a r e  the spillway, the service 
outlet works, and an auxiliary outlet works. In addition, a bypass is 
provided to car ry  runoff from Rocky Fork Creek across the spillway 
stilling basin, and direct it into the main channel. 

Design of the hydraulic structures was strongly influenced by the loca- 
tion of the dam, which is just upstream of an abrupt bend in the river. 
The confluence of Rocky Fork Creek with the Fryingpan River is just 
downstream of this bend. The most feasible location for a chute spill- 
way (determined to be the most economical type) was on the right abut- 
ment, in a sandstoue formation. The centerline of the chute and still- 
ing basin was placed almost perpendicular to the r iver channel in order 
to take advantage of a rock formation in the left bank. It was felt that 
the rock formation could withstand the forces of the flow leaving the 
stilling basin and would facilitate turning of the flow in a downstream 
direction. The other hydraulic structures were then located so  a s  not 
to interfere with the operation of, o r  cause damage to, the spillway 
chute and stilling basin, and vice versa. 

The spillway, Figure 4, designed for a maximum discharge of 
5, 540 cfs, has a 25-foot-wide uncontrolled ogee c res t  at elevation 



7766.00. The flow passes through a 1.000-foot-long chute--340 
feet at .02 slope, a 100-foot vertical curve, and 560 feet on a 
1.75:l slope--into a hydradic jump stilling basin with a floor at 
elevation 7450.00. The chute diverges from 25 feet wide at  the 
start of the vertical curve to 31 feet wide at the stilling basin. 
The stilling basin, Figure 10, is 31 feet wide, 128.5 feet long, 
with vertical walls to elevation 7496.00, o r  46 feet above the floor. 
The Type I1 basin has nine chute blocks 24 inches high and 20 inches 
wide, and a dentated end sill 7 feet high with three 4.5-foot-wide 
slots. Beyond the sill, a horizontal apron, also at elevation 7496.00 
and excavated in rock, extends 60 feet to the intersection with a 1:l 
excavated rock slope, Figure 3. 

The auxiliary outlet works intake structure is located near the toe 
of the right embankment. Flow passes through a 6-foot-diameter 
tunnel to a gate chamber, then through a 5- by 6-foot flat-bottom 
tunnel to its junction with the spillway chute through a slot 72 feet 
upstream of the spillway stilling basin, Figure 3. 

The intake structure for the outlet works, located about 200 feet 
upstream of the right toe of the dam embankment, leads into a 
10-foot-diameter tunnel which terminates at a gate chamber. The 
flow then passes through a 76-inch steel pipe, a symmetrical 
Y-branch, and two 3.5- by 4-foot rectangular conduits, which lead 
to a control house containing two sets of two 3.5- by 4-foot high- 
pressure slide gates in tandem. The downstream gates are  to be 
used to  control the flow leading into a Type I1 stilling basin. The 
stilling basin. Figures 3 and 14, is 25.5 feet wide and 100 feet long, 
with i ts  floor at elevation '7460.00. Vertical sidewalls extend 33 feet 
above the floor to elevation 7493.00. A 26-foot-high center wal l  
terminates 33 feet upstream from the end of the basin. 

A dike with i ts  crest  at elevation 7512.0 extends across the Fryingpan 
River just upstream of the spillway stilling basin. The dike diverts 
Rocky Fork Creek runoff through a bypass and flume. The bypass and 
flume, Figure 15, a re  25 feet wide, about 275 feet long, and termi- 
nate in a 61.5-foot-long hydraulic jump stilling basin. The basin floor 
is at elevation 7473.00 and has 17-foot-high vertical sidewalls. 

The downstream channel lies in alluvium material composed of boul- 
ders, cobbles, and gravel in a silt, sand, and clay matrix, with banks 
composed of talus and fine deposits. The channel will be excavated 
to a uniform width and slope for several hundred feet downstream of the 
hydraulic structures and will be protected with a 3-foot layer of 12- 
to 36-inch nominal size riprap, along both sides and on the bottom 
where required. 



THE MODEL 

The 1:42 scale model, Figure 5, included a portion of the reservoir  
topography and upstream dam embankment adjacent to the spillway 
inlet; the spillway inlet, cres t ,  chute, and stilling basin; the outlet 
works rectangular conduits just upstream of the control house, two 
3-foot 6-inch by 4-foot 0-inch slide gates, and the outlet works 
stilling basin; the auxiliary outlet works junction with the spillway 
chute; the dike, flume, and stilling basin for the Rocky Fork Creek 
bypass; and a section of the excavated r iver  channel extending about 
250 feet downstream from the end of the outlet works stilling basin. 

The spillway inlet walls and cres t  were fabricated from sheet metal, 
while the spillway chute, the Rocky Fork Creek bypass, and the three 
stilling basins were made of plywood. Cement mortar  was used to form 
all reservoir  topography a.nd r iver  channel topography above elevation 
7490. a s  well a s  to represent the exposed rock downstream from the 
spillway stilling basin. River channel topography and improvements 
below elevation 7490 were formed in sand and gravel to facilitate scour 
testing. 

Rock baffles were  placed at the upstream ends of the reservoir  head- 
box and the r iver  channel tailbox to smooth out flows entering the 
reservoir  and the Fryingpan River (from Rocky Fork Creek), 
respectively. 

Flow to  the reservoir  headbox was supplied through the laboratory's 
central supply system and measured with permanently installed 
volumetrically calibrated Venturi meters.  Reservoir water surface 
elevation was measured by means of a hook gage in a stilling well 
connected to a bottom opening near the center of the headbox. Rocky 
Fork Creek runoff flowing into the downstream r iver  ckannel was 
supplied by a portable vertical turbine-type pump and measured with 
a Venturi-orifice meter.  Tailwater elevations were contl-olled by an 
adjustable tailgate at  the downstream end of the model an13 measured 
on a staff gage located 300 feet downstream from the enti of the out- 
le t  works stilling basin. The tailwater elevations were determined 
from the curve shown on Figure 6. 

Average pressures  on the three stilling basin sidewalls were meas- 
ured through piezometers connected to  open-tube manometers. 
Instantaneous pressures  were measured with electronic pressure  
cells  which actuated a direct writing oscillograph. Water surface 
elevations in the spillway chute were  obtained by point gage traverses.  



THE INVESTIGATION 

In this report the investigation was divided, with some overlapping. 
into two phases: first, hydraulic performance of the three hydrau- 
lic structures including the effectiveness of the stilling basins under 
various operating combinations and second, the required geometry 
and extent of river channel improvement and protection. 

Although the degree of riprap protection required downstream from 
the stilling basins depends on their efficiency as energy dissipators, 
the investigation of the required protection will be discussed a s  part 
of the second phase. 

Performance of Hydraulic Structures 

Spillway crest  and chute. --For the maximum discharge of 5 , 5 4 0 d * ,  
the flow approaching the inlet was very smooth. However, there was 
some turbulence on the left side, caused by water entering the inlet 
across the approach walls normal to the direction of flow, Figure 7A. 
The effect of this turbulence on the water surface level at the spill- 
way crest can also be seen in the water surface profiles in Figure 8. 

About 35 feet downstream from the crest, at Station 10+10, the water 
surface had smoothed considerably, and by the time the flow had 
reached the start of the vertical bend, Station 13+39.42, the water 
surface was practically level, Figures 7B and 8. The spillway flows 
also passed over the auxiliary outlet works junction with a minimum 
of disturbance, Figure 7C. 

The excellent flow conditions in the chute just upstream of the ver- 
tical curve further supported by very close agreement of the model 
spillway discharge capacities with those assumed in design, indi- 
cated that modification of the entrance to decrease the turbulence 
at the crest  was unjustified. 

Spillway discharge capacity. --The discharge capacity of the spill- 
way at assumed maximum reservoir elevation 7781.80 was found 
to be 5,540 cfs. These values yield a coefficient of discharge, Cd. 
of 3.53, duplicating the value assumed in the design of the spillway. 
A curve of reservoir elevation versus discharge is plotted, along 
with the corresponding coefficients of discharge, in Figure 9. The 

coefficients were computed from the equation Q = c ~ L ( H ) ~ / ~ ,  where 
Q is the discharge in cubic feet per second, L is the length at the 
spillway crest, and H is the head on the crest  (reservoir elevation 
minus crest  elevation). 



Spillway stilling basin. --The spillway stilling basin performed satis- 
factorily for all discharges up to and including the maximum of 
5, 540 cis .  At the maximum discharge, ~ i g u r e  10, there was con- 
siderable fluctuation in water surface, at some points a s  high a s  
15 feet between maximum and minimum, Figure 11. The fluctua- 
tion was i.rregular; that is, no periodic oscillation o r  surging was 
evident. Random surges overtopped the walls near the end of the 
basin, and occasional splashing brought water to  the top of the walls 
a s  far  a s  80 feet upstream; also, occasional splashes hit the under- 
side of the Rocky Fork Creek bypass flume. None of the splashing 
was considered detrimental to the structures, but would probably 
produce heavy spray in the prototype. 

A l l  average pressures  observed on the stilling basin sidewalls, 
Figure 11, were well above atmospheric, and--except in the vicin- 
ity of the chute blocks--were nearly hydrostatic a s  indicated by 
close agreement with the average of the maximum and minimum 
of the water surface at the same points. There was considerable 
fluctuation in instantaneous dynamic pressures  at some points. 
In the vicinity of the toe of the jump the range was about 110 feet of 
water, and minimum pressures equivalent to vapor pressure were 
recorded, Figure 11. Since the low pressures  occurred l e s s  than 
25 percent of the time, no modifications were recommer .led. 

Although the mushroom boil of the jump extended beyond the end of 
the stilling basin, turbulence along the floor was quite low, and the 
flow was smooth after it had turned and entered the main channel. 
Waves hitting the exposed rock directly opposite the basin splashed 
no higher than elevation 7498, well below the upper l imits  of the rock 
a s  indicated by preliminary explorations. 

Auxiliary outlet works. --The performance of the auxiliary outlet 
works was judged on the flow conditions at its junction with the 
spillway chute and on the appearance of the flow a s  it entered the 
spillway stilling basin. A thin leaf gate located in the rectangular 
section just upstream of the junction was ased to provide the proper 
flow depth at  the maximum discharge of 600 cfs. The auxiliary 
outlet works will not be operated when the spillway is discharging; 
therefore, this condition was not investigated. 

Flow through the junction and in the stilling basin was satisfactory 
for the maximum discharge of 600 cfs, Figure 12. 

Outlet works stilling basin. --Flow into the outlet works stilling basin 
was controlled by a thin leaf slide gate in each of the two conduits 
representing the-downstream control gates. The gates were 
calibrated to yield discharges of 1,810 and 2, 000 cfs at maximum res-  
ervoir elevation 7781.80, corresponding to maximum and minimum 



head loss through the outlet works, respectively. The minimum loss 
discharge for reservoir elevation 7766.00 (spillway crest) is 1,950 cfs. 
which was used to evaluate the stilling basin performance with outlet 
works only operating, Figure 13A. 

Atthe 1, 950 cfs discharge with tailwater at elevation 7481.5, the jump 
in the stilling basin was steady; energy dissipation was excellent, and 
all pressures on the sidewalls were nearly hydrostatic except in the 
vicinity of chute blocks, Figure 14, where they were slightly sub- 
atmospheric. The maximum fluctuation between maximum and mini- 
mum water surface was about 8 feet, and occurred about 50 feet from 
the end of the basin. No overtopping by either surging o r  splashing 
was evident. The center dividing wall, however, was frequently over- 
topped. The basin also performed well when operated in combination 
with maximum discharges from the other structures and the corres- 
ponding higher tailwater. Flow conditions were also excellent with 
only one gate discharging, Figure 13B. 

Tailwater sweepout tests indicated that the tailwater would have to 
be lowered about 6 feet before the toe of the jump uncovered the still- 
ing basin chute blocks. This would require extreme degradation of 
the downstream channel and complete scour of the outlet channel 
riprap. 

Instantaneous pressure measurements on the basin walls indicated 
dynamic pressure fluctuations up to 67 feet of water in the vicinity 
of the toe of the jump, with a minimum of 21 feet below atmospheric, 
Figure 14. 

Due to the excellent performance, no changes were recommended 
in the outlet works stilling basin. 

Rocky Fork Creek bypass. --The maximum probable flood was com- 
puted to have a peak flow of 4,380 cfs. The maximum flow tested 
in the model was 4,000 cfs. Because of the physical relationship 
of the drainage areas, the maximum flow that can be expected in 
combination with the maximum spillway discharge is 1,200 cfs. A 
100-year flood discharge is 880 cfs. 

The stilling basin performed very well at 1,200 cfs with tailwater 
elevations resulting from various operating combinations of the other 
structures, Figure 15. The hydraulic jump was somewhat choppy, 
but flow leaving the basin was sufficiently smooth to insure good down- 
stream flow conditions. Basin sidewall pressures and maximum and 
minimum water surface profiles, Figure 16, were obtained for 
1,200 cfs discharging in combination with an outlet works discharge 



of 1,950 cfs and tailwater elevation 7482.3. Instantaneous dynamic 
pressures, obtained for the 1,200-cfs discharge with the tailwater 
at elevation 7480.7, did not fluctuate over 8 feet, Figure 16. 

The stilling basin also performed well at the 1,200-cfs discharge in 
combination with the maximum outlet works discharge plus maximum 
spillway discharge with a corresponding tailwater elevation of 7485.0, 
Figure 15B. 

A flow of 4,000 cfs produced extremely unfavorable flow conditions. 
Figure 17. The water surface in the flume was just at the top of the 
sidewalls and occasionally overtopped them. The jump was com- 
pletely swept out of tha basin with tailwater at 7483.9, which is the 
maximum possible with outlet works discharging 1, 950 cfs. The high 
velocity flow leaving the stilling basin produced considerable damage 
to the downstream channel. 

Tailwater sweepout tests with the bypass only operating indicated that 
the jump began to sweep out at a discharge of 1,720 cfs with a carres- 
ponding tailwater elevation of 7481.3. The jump was completely swept 
out at a discharge of 2,060 cfs. The jump was considereh swept out 
when the toe of jump left the junction of sloping chute and the still- 
ing basin floor. 

In the design of the Rocky Fork Creek bypass it had been determined 
that the jump would sweep out of the basin a t  a discharge of approxi- 
mately 2,000 cfs. The model studies confirmed this premise; there- 
face, no changes were made to attempt to improve the flow conditions. 
A. flood with a peak of 2,000 cfs is estimated to have a frequency of 
from 5C@ to 1.000 years. 

River Channel Protection 

The model was initially operated under maximum discharge condi- 
tions for a short time without any riprap protection; that is, the 
channel was shaped in loosely packed sand in all areas below maxi- 
mum tailwater elevation, After a qualitative examination of the 
resulting scour, it was decided that the channel would first be lined 
with a 36-inch-thicklayer of siprap a s  specified i ~ l  the preliminary 
design, Figure 18. Any improvements in geometry and possible 
elimination of riprap would be determined by model investigation. 

Preliminary investigation. --A layer of 318- to 314-inch gravel, repre- 
senting vrototwe riprap sizes of about 15 to 32 inches, was first used - - 
in the Godel. ~ r o s ~ o n c o u l d  be expected to occur in a number of 
areas, including the river channel downstrearri of the spillway still- 
ing basin adjacent to the probable limits of the rock outcrop, where 



the riprap would be placed on approximately a 1.5:l slope; down- 
stream of the outlet works stilling basin at the end of the 4:l slope 
leading to the main channel and the riprap jetty which separates this 
area from the main channel; and just downstream, and especially to 
the right of, the Rocky Fork Creek bypass stilling basin. Also, the 
unprotected areas to the left of the bypass stilling basin at eleva- 
tion 7486.5 and to the left of the outlet works stilling basin at about 
elevation 7485.0 could be expected to erode due to wave action at 
high tailwater. 

The model was operated with the outlet works only discharging 
1,950 cfs, with the spillway only discharging 5,540 cfs, with the 
bypass flume only discharging 1,200 cfs, and with various combin- 
ations of the three structures operating at  the above discharges, 
Figure 19. None of the operating conditions caused any movement 
of the riprap during a 20-hour (prototype) test period. 

When all three structures were operating, with the corresponding 
tailwater at elevation 7485.0, the two unprotected areas to the left 
of the bypass and outlet works stilling basins were submerged, 
Figure 20. Waves produced slight washing of sand in the large unpro- 
tected area between the bypass stilling basin and the outlet works, 
Figure 20A. More extensive washing was evident in the area to the 
left of the bypass stilling basin, Figure 20B, and some sand was 
deposited on the 2:l slope adjacent to the end of the basin. Occa- 
sional waves also overtopped the stilling basin wall. 

It was recommended that the two low areas be raised so that they 
would be above maximum tailwater, which would prevent the waves 
from overtopping the unprotected area and eliminate the sand 
movement. 

As was mentioned previously, with a flow of 4,000 cfs through the 
Rocky Fork Creek bypass, the hydraulic jump was swept out of the 
stilling basin and the high velocity flow produced considerable scour 
on the downstream right bank. It was decided that further improve- 
ment in this area would be attempted only after investigation of other 
changes ha3 been completed. 

First modification--Recommended. --The flat area to the left of the 
outlet works stilling basin was raised to elevation 7489.5. The area 
between the bypassstilling basin and the spillway stilling basin was 
raised to elevation 7490.0. The 2:l riprapped slopes on either side 
of this area were also ex anded to elevation 7490.0. This provided 
a 10-foot-wide protective riprap b a ~ k  3.5 feet higher than the previous 
bank, Figure 2 1. 



40 and 70 feet, respectively, from theend of the 4:l slopes down- 
stream of the spillway and outlet works stilling basins. The riprap 
was not removed from the bypass channelbetweentheflume and the 
main r iver channel. The removed riprap was replaced with sand 
containing random gravel particles up to three-eighths inch in size, 
which was leveled and loosely packed in place. The revisions a r e  
shown in Figure 2 1. 

Operation of the outlet works at 1,950 cfs caused erosion of finer 
sand particles downstream of the riprap. Operation equivalent to 
26 prototype hours resulted in a maximum depth of erosionof about 
4 feet, Figure 22A. The maximum-size particles removed were 
about 31 16 inch, o r  about 8 inches prototype. 

Operation of the outlet works at2,000 cfs, the spillway at 5, 540 cfs, 
and the bypass flume a t  about 3, 000 cfs for about 20 prototype hours 
produced scour in other a reas  where the riprap had been removed. 
The main channel was eroded up to 7 feet deep in the constricted 
area  tothe left of the outlet works stilling basin and the finer sand 
particles were deposited in a bar downstream and in line with the 
jetty separating the outlet works and main r iver channels, Fig- 
ure 22B. Maximum size particles removed were aboutone-fourth 
inch, o r  about 10 inches prototype. 

A small amount of scour, not more than 3 feet deep, occurred down- 
stream from the riprapped a reas  of both the bypass and spillway 
basins. The maximum size  particles removed were l e s s  than 
31 16 inch, o r  8 inches prototype. 

Since the sand used in the channel was not scaled representation 
of bed material to be found in the prototype, the same degree of 
erosion cannot be expected to occur in the prototype. The maximum- 
size particles removed from the various areas should, however, 
give an indication of the approximate size of loose bed material 
that would be moved during severe discharges. 

The elevated areas  proved to be effective in eliminating the pre- 
viously observed undesirable effects of wave action resulting 
from a bypass flume discharge of 1,200 cfz :n combination with 
maximum discharges from the other two stmctures, Figure 23. 

The remaining riorapped areas  along the main channel bank and down- 
stream from the bypass stillingbasin, held up wellunder all combina- 
tions of discharges, except for slight riprap movement downstream 
of the bypass for discharges when the jump begins to sweep out of 
the stilling basin. It was evident, however, that wave action a t  
high discharges would not permit removal of this protection. 



Several hours of outlet wcrks operation a t  1,950 cfs showed no 
signs of movement of the smaller riprap in the outlet works dis- 
charge channel. 

Scour from maximum bypass discharge. --With 4,000 cfs discharg- 
ing from the Rocky b'ork Creek bypass, and minimum possible tail- 
water, Figure 24A, the jump was swept out of the stilling basin, and 
the high velocity flow produced considerable scour of the maximum- 
size riprap in the discharge channel leading to the main r iver channel. 
After initial removal of material from the bed, sloughing of the right 
bank riprap occurred. This movement of riprap gradually advanced 
downstream and exposed the unprotected sand at elevation 7489.5 
which was immediately washed away. The material was deposited 
in the vicinity of the junction with the main channel. The left bank 
was not eroded. Areas of scour and deposition after 2.5 hours' 
prototype operation can be seen in Figure 24B. Similar scour, to 
a lesser  degree, would occur for discharges down to about 2,000 
cfs. For  discharges less  than 2,000 cfs, the jump remained in 
the basin and there was no erosion problem. 

Reduced riprap size. --Investigations were made with smaller r ip-  
sap in a reas  of high turbulence to determine whether the larger 
r iprap was necessary. The 114- to 318-inch gravel, representing 
about 10- to 15-inch prototype rock, w 2 s  placed on both sides 
downstream of the spillway basin and on the 4:l slope down- 
stream of the outlet works basin, Figure 25A. 

Operation of the spillway a t  5,540 cfs for  20 prototype hours re -  
sulted in considerable removal of r iprap on the left side of the 
channel downstream from the spillway stilling basin, on the approx- 
imately 1.5: 1 slope adjacent to the assumed limits of exposed rock, 
Figure 25B. This removal of r iprap indicated that placement of 
the smaller riprap on slopes steeper than 2:l should be avoided 
in this area. The riprap placed to the right of the exposed rock on 
approximately a 1.5: 1 slope stayed in place, a s  did the riprap on 
the 4:l slope and fn the main channel. 
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RUED1 DAM SPILLWAY AND OUTLET WORKS 

1:42 Scale Model 
Spillway stilling basin performance 

Q = 5540 cfs; T. W. El. = 7484.6 











Figure 15 
Report Hyd-534 

A.  Q = 1200 CIS; T. W. El. = 7480.7 

f l .  B. Q = 1200 cfs; T. W. El. = 7485.0 
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RUED1 DAM SPILLWAY AND OUTLET WORKS 

1:42 Scale ~ o d e l  
Rocky Fork Creek bypass stilling basin performance 
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RUED1 DAM SPILLWAY AND OUTLET WORKS 

1:42 Scale Model 
Preliminary channel geometry and riprap protection 



Figure 19 
Report Hyd-534 



Figure 20 
Repart Hyd-534 

A. Submergence and washing of unprotected a r e a  down- 
s t r eam of bypass stilling basin. 

B. Wave action ac ross  submerged a r e a  on left  of bypass 
stilling basin. 

RUED1 DAM SPILLWAY AND OUTLET WORKS 

1:42 Scale Model 
Flow conditions with preliminary channel geo. ,;ry and r iprap protection 

Spillwar Q = 5540 cfs. outlet works Q = 195C cis. . ypass Q = 1200 c f s  
T. W. El. = 1485.0 





A. Erosion in unprotected channcl downstream 
of outlct works af tcr  26 prototype hours' 
operation a t  1950 cfs. 

F i y r e  22 
Report Hyd-534 

B. Scour in channel constriction after  20 proto- 
type hours '  operation a t  maximum discharges 
from a l l  s tructures,  including up to 3000 cfs  
through the bypass flume. 

RUED1 DAIM SPILLWAY AND OUTLET WORKS 

1:42 Scale Modcl 
Scour in unprotected channcl 



Figure 23 
Rcport Hyd-534 



Figure 24 .. 
Report Hyd-534 

A. Note absence of jump and high velocity stream 
striking downstrearn right bank of discharge 
channel. 

B. Scour and deposition after 2 .5  prototype hours' 
operation. 

RUED1 DAM SPILLWAY AND OUTLET WORKS 

1:42 Scale Model 
Rocky Fork Creek bypass flow conditions and resulting scour with 

maximum possible discharge of  4000 c f s  



A. Smaller riprap (10- to 15-inch prototype) before 
test .  Arrovs point to assumed limits of exposed 
rock, at 1 .5: l  dope. 

R. Scour after 20 prototype hours' operation at 5540 cfs. 

RUED1 DAM SPILLWAY AND OUTLET WORKS 

1 :42 Scale Model 
Scour test with reduced size riprnp dou astream of spillway stilling basin 
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